ABSTRACT Incorporation of [3H]inositol into phosphatidylinositol (PI) in isolated rat retinas is enhanced by light and by the addition of cytidine to the incubation media. In retinas preincubated with [3H]inositol in dark, [3H]inositol was chased into PI in light by addition of unlabeled cytidine and was chased out of PI in light by addition of unlabeled cytidine plus inositol. Autoradiograms of retinas show a heavy density of silver grains over photoreceptor cell inner segments (with chase-in) and a loss of labeling (with chase-out). Exogenous cytidine and inositol were shown to enhance not only the turnover of PI within photoreceptor cells but the synthesis of PI as well; in media supplemented with these precursors, "-,50% of [14C]glycerol and 25% of [32p~] incorporated into lipid in light were associated with PI. These results suggest that availability of both cytidine and inositol may play a role in the lightdependent changes in PI metabolism within photoreceptor cells.
Previous studies have shown that light enhances both synthesis (6, 11) and turnover (10) of phosphatidylinositol (PI) l in isolated rat retinas. Although pathways of PI metabolism have not been defined in rat retinas, the evidence indicates (see preceding paper, reference 9) that a cytidine-containing phospholipid intermediate cytidine diphosphate-diacylglyceride (CDG) is a precursor for PI and that conversion of CDG to PI is enhanced in light particularly within the inner segments of photoreceptor cells. In retinas incubated with tracer amounts of [3H]cytidine, [3H]cytidine was incorporated into CDG within photoreceptor inner segments, and into RNA within photoreceptor nuclei (9) . 3H-labeled CDG was shown to accumulate, within photoreceptor cell inner segments, only in dark or when RNA synthesis was inhibited by actinomycin D. These observations suggested that endogenous cytidine or tracer amounts of [3H]cytidine may be limiting for CDG and PI synthesis in light as cytidine was used preferentially for RNA synthesis.
In view of previous reports that showed both cytidinedependent and cytidine-independent mechanisms for PI synthesis in hepatocytes (3, 8) and cultured glial cells (5) , the present studies were done to determine the role of cytidinedependent and cytidine-independent pathways in the lightenhanced synthesis and turnover of PI in photoreeeptor cells Abbreviations used in this paper: CDG, cytidine diphosphate-diacylglyceride; L/D ratio, light vs. dark ratio; PI, phosphatidylinositol.
of the rat. The effects of cytidine on PI synthesis and turnover, respectively, were evaluated in retinas incubated with [~4C]-glycerol and 32pi in dark or light, and in chase incubations of retinas preincubated with [3H]inositol. The site of light-and cytidine-dependent synthesis and turnover of PI was determined by microdissecting retinas into photoreceptor cell and inner retina layers and by autoradiography.
MATERIALS AND METHODS

Materials:
Materials were the same as in the preceding paper (9 After 30 min of incubation in dark or light, retinas were rapidly washed free THE JOURNAL OF CELL BIOLOGY -VOLUME 97 SEPTEMBER 1983 832-B37 of radioactive medium (in two 150-ml volumes of ice-cold 0.9% saline containing cytidine [1%], inositol [1%], and formaldehyde [2%]), were frozen individually in liquid nitrogen, freeze-dried, weighed, and stored until analysis (5-8 d) at -80"C. In some experiments, retinas were microdissected into pbotoreceptor cell and inner retina layers as previously described (10, 11) . Before extraction of lipids, retinal samples were homogenized in 0.5 ml of 2 M KCI and the radioactivity of the homogenate was determined (duplicate 10-td aliquots) as a measure of precursor uptake into the retina during incubation, Lipids were extracted in acidified chloroform: methanol solvent and the radioactivity of the final washed extract was quantitated (duplicate 25-ul aliquots were counted) as a measure of precursor incorporation into total lipid. The various lipid classes were separated by two-dimensional thin-layer chromatography on silica gel 60 coated plastic sheets. Radioactive lipids were localized on thin-layer chromatography sheets by autoradiography (Kodak AR, x-ray fdm), and the spots were marked on each sheet, cut out, solubilized, and counted. In some experiments, the retinas were microdissected, and the total phospholipid phosphorus content was determined in phospholipid extracts of photoreceptor cell and inner retina layers, and results are expressed as disintegrations per minute incorporated per nanomoles phospholipid phosphorus (10, I1).
Chase Incubations and Autoradiography: Pilot studies on autoradiographic localization of incorporation of [aH]inositol into PI in dark or light in isolated rat retinas yielded variable and inconsistent results. Therefore, studies were undertaken to standardize the incubation conditions and to localize, through chase incubations, the sites of light-enhanced turnover of PI in isolated rat retinas. The cycle of PI turnover (see Retinas (four to six retinas per 0.6-1 ml of medium) were preincubated with [3H]inositol (1.5 mCi/ml; 0.5 x 10 -3 M) for 30 min in dark, and then the incubation medium was diluted 40-fold with media containing unlabeled cytidine, inositol, or cytidine plus inositol, and chase incubations were conducted for 30 min in dark or light. Similar chase incubations were also done with retinas that were preineubated in dark with [SH]cytidine (250 uCi/ml; 10 -5 M) to obtain a measure of CDG turnover in isolated rat retinas. Chase incubations were terminated by addition of fixative. One to two retinas were prepared for autoradiography, and three to four retinas were frozen for microdissection and biochemical analysis. The amounts of [SH]inositol or [3H]-cytidine incorporated into PI or CDG were quantitated as described above. All experiments were repeated three times. Autoradiography was done according to the method of Gould and Dawson (7) as described in the preceding paper (9) . Representative autoradiograms are presented after 6 d of exposure to photographic emulsion. Table I shows that incorporation of [3H]inositol into PI during 30 min of incubation in dark or light increased as the concentration of inositol was increased in the incubation medium. poration could not be detected unless the medium was supplemented with cytidine. Addition of cytidine to media containing [3H]inositol (2 x 10 -6 M, 0.5 × 10 -3 M, or 10 -2 M) resulted in rates of [3H]-inositol incorporation in dark that were significantly higher than those observed in the absence of cytidine. The light vs. dark (L/D) ratios for [3H]inositol incorporation into PI were the highest in media containing low levels of both inositol and cytidine (2 x 10 -6 M, or 0.5 x 10 -3 M inositol plus 10 -4 M cytidine). The L/D ratios were reduced when cytidine was limiting for PI synthesis (i.e., in media without exogenous cytidine but containing 0.5 x 10 -3 M or higher levels of inositol) or when inositol was limiting for PI synthesis (i.e., in media without exogenous inositol, but containing an elevated level ofcytidine, 1.5 x 10 -3 M).
RESULTS
Total tissue radioactivity as a measure of [3H]inositol uptake was similar in retinas in dark and light. In media conraining 10 -3 M inositol or less, tissue-to-medium ratios were close to 1 within 30 min of incubation. In media containing higher concentrations (>10 -3 M), tissue-to-medium ratios were below one (0.75-0.88).
Incorporation of [3H]cytidine and [t4C]inositol into CDG and PI, respectively, measured in double-label incubations, is shown to be affected by the addition of either unlabeled cytidine (1.5 x 10 -3 M), inositol (10 -2 M), or inositol plus cytidine to the incubation (Fig. 1) . In media supplemented with cytidine only, 3H-labeled CDG was increased 330-fold in dark and 470-fold in light, while the incorporation of [~4C]inositol into PI was enhanced in dark but not in light compared to retinas incubated in the standard medium in dark and light, respectively. Under these conditions, the levels of endogenous inositol appeared to be limiting for lightenhanced incorporation ofinositol into PI, and the L/D ratio for [14C]PI was reduced (1.4 in the presence of added cytidine compared with 2.1 in the standard incubation). In the presence of added inositol (10 -2 M), incorporation of [~4C]inositol into PI was increased 55-fold in dark and 32-fold in light be a factor in the observed differences in their incorporation since total tissue radioactivities were similar in dark and light under all the conditions studied.
Chase incubations (Table II) Autoradiograms (Fig. 2 ) of retinas preincubated with [3H]inositol and then chase incubated in the presence of unlabeled cytidine (chase-in) in dark (Fig. 2 a) or light (Fig.  2 b) , or in light with cytidine and inositol (chase-out; Fig. 2 c) , show that, during chase-in in light, radiolabeled grains became concentrated over the outer nuclear layer and the inner segments of photoreceptor cells (Fig. 2 b) , compared with chasein in dark (Fig. 2 a) and compared with chase-out incubations in light (Fig. 2 c) . Under chase-out conditions [3H]PI content of retinas was reduced, and radiolabeled grains were only sparsely distributed over the inner segments and were mainly distributed over the outer nuclear, inner nuclear, and ganglion cell layers.
Biochemical analysis of microdissected retinas after chasein incubations in dark or light (done either in parallel with the ones in Fig. 2, a and in media supplemented with cytidine plus inositol (enriched medium, Table III Microdissection of retinas showed that the effects of light and enriched medium were greatest within the photoreceptor cell layer (Fig. 3) . The L/D ratios for ['4C]PI within the photoreceptor cell layer were 2.4 and 2.8, and those for 32pi were 1.7 and 2.1 in the standard and enriched media, respectively. In terms of total retinal PI synthesis from [~4C]-glycerol and 32pi, ~70% was associated with the photoreceptar cell layer, and 30% with the inner retina in dark or light. Within the inner retina as well, light and cytidine plus inositol enhanced the synthesis of PI, and the L/D ratios were close to 1.7 for both precursors.
DISCUSSION
These biochemical and autoradiographic studies show that light-enhanced turnover of PI is associated with the inner segments of photoreceptor cells. Whereas previous studies showed that CDG accumulated in dark within photoreceptor cell inner segments (9), the present studies show that lightenhanced conversion of CDG to PI also occurs mainly within the inner segments of photoreceptor cells. In addition, the present studies provide evidence that two different pools of PI can be distinguished within the photoreceptor cells: one of these associated with photoreceptor cell inner segments has a rapid turnover rate, whereas a second pool of PI associated with membranes in the outer nuclear layer has a slower
